We measured the change of a subjective wakefulness level and electroencephalogram (EEG). Subjects are ten healthy male university students. The subjects were exposed to whole-body vibration with frequency (10 Hz) and acceleration level (0.6 ms -2 r.m.s.) for 12 min in the seated position. Subjective wakefulness level was evaluated using the questionnaire of VASS (Visual Analog Sleepiness Scale) and KSS (The Kwansei Gakuin Sleepiness Scale). For the electroencephalogram (EEG) measurement, AAT (Alpha Attenuation Test) which repeats three times each opened and closed eye for 1 min was conducted. Wakefulness levels were defined as the ratio of mean alpha-wave power during eyes closed versus eyes opened. VASS and KSS increased and subjective level of wakefulness decreased from pre-to post exposure in all subjects, regardless of vibration exposure. The objective wakefulness levels of AAT were reduced at the post-exposure test in all subjects. In the case with exposure to whole-body vibration was a significant difference from the case without exposure to whole-body vibration. It is suggested that a short-term exposure to whole-body vibration may cause a reduction of wakefulness level.
Introduction
In the working environment, whole-body vibration means periodically changed shake which is transmitted to a human body from seats and floors by a passenger car, a long-distance track, a construction machine, and a railroad etc. The studies on health disorders due to occupationally exposure to vibration to a human body have many things about the upperlimbs, i.e., the hand-arm system disorder by local vibration of a vibratory hand tool etc. and as to whole-body vibration impediment, many investigations about the effects of the spine on a driver are made in Europe and America [1] [2] [3] [4] . On the other hand, there are quite a few studies on the effects of a circulatory organ system, a respiratory-organs system, and a digestive organ system [5] [6] [7] [8] [9] . Until now in our country, there is no full-scale investigation for the health disorders among workers who were occupationally exposed to whole-body vibration, there are a few investigations about some of forklift workers and taxi drivers [10] [11] [12] . Regarding to the train and truck operation working environment, in addition to factors a time and posturerestraint is strong, exposure to whole-body vibration as a physical hazard should be considered that the fall of a wakefulness level by fatigue is often pointed out. There are also some other reports about the danger and its measures of the occurrence of the accident resulting from the fall of a driver's wakefulness level 13, 14) . However, the study on how whole-body vibration affects people's wakefulness level is not made yet.
In this study, in order to verify a hypothesis that exposure to whole-body vibration has a certain effects on people's wakefulness level, the change of subjective wakefulness level and electroencephalogram (EEG) to expose in a short-time to whole-body vibration was measured.
Methods

Subject
Subjects are ten healthy male university students, and the average age is 20.7 ± 1.8 yr old, and they are all nonsmokers. There was no difference from the sleeping hours on the experiment previous day and the lapsed time for taking meal on the experiment day in the conditions of exposure to wholebody vibration (Table 1) .
Method
We made the guidance to the subjects to spend usual, not to drink the alcohol and lack of sleep too much from several days before. Also, they were instructed to take Calorie Mate ® (400 Kcal) as breakfast and not to drink caffeine contained water on the experiment day. All experiment beginning time was started at the same time because a wakefulness level change was expected within a day. Also, in the experiment all subjects had two conditions such as with and without exposure to whole-body vibration. In the consideration of the effects by the turn of experiment, the subject was divided into two groups at random, and two conditions were performed over two different days. An experiment schedule is shown in Fig. 1 .
Using a vibration shaker (AKASHI; CV-300, Japan) produced whole-body vibration, setting the frequency and the acceleration level of 0.6 ms -2 r.m.s. at 10 Hz, and applying vertical whole-body vibration fixed time (12 min) and exposed to the subject in the seating position. It was explained that a posture was kept without back reclining. The acceleration level maintained the same level, while checking the vibration level meter (RION VM-52, Japan).
For the electroencephalogram (EEG), it was equipped with the electrodes based on the international ten-twenty electrode system (C3-A2, O1-A2, O2-A1). Attaching electrode was performed after fully removing the sebum using the polisher material in order to lower resistance. EEG was continuously recorded during the experiment. The posture in an enforcement period kept with the easy posture to the sofa with back reclining and an armrest before and after exposure to whole-body vibration, and it directed to gaze at the sunspot ahead of 2.0 m (diameter of 3.0 cm). After attaching electrode, the oral consultation was performed about the sleeping hours on the experiment previous day and physical condition management on the day.
Subjective wakefulness level was evaluated using the questionnaire of VASS (Visual Analog Sleepiness Scale) and KSS (The Kwansei Gakuin Sleepiness Scale). VASS is shown one line on the question paper which has written to be very awake shapely at the left end and sleepy on the right end, the subjects checked the sleepiness level on a line at that time. After the experiment was completed, the length to the portion checked from the left end was measured, and it replaced by the value to 0-100 for quantification. It is shown that a wakefulness level is high when an average measure is close to 0, and a wakefulness level is low when the average measure is close to 100. KSS consists of 22 items, which was a new developed measure for Japanese by revision of the SSS (Stanford Sleepiness Scale), and computes a score in quest of an average 15) . It is shown that a wakefulness level is high when an average measure is close to 0, and a wakefulness level is low when the average measure is close to 7.
AAT (Alpha Attenuation Test) 16, 17) which repeats three times each opened and closed eye for 1 min was performed in a seating position with directions of the examiner in the beginning, in the middle and in the end of exposure to wholebody vibration. AAT was performed in exposure to wholebody vibration after moving to the equipment of whole-body vibration and checking that EEG had been stabilized. After completing a total of three times AAT in the beginning, in the middle and in the end of exposure to whole-body vibration, subjective wakefulness level was measured each times and the experiment was finished. In the case without exposure to whole-body vibration is completely performed the same method as the case with exposure to whole-body vibration except exposure to whole-body vibration, and the time to be equivalent to exposure to whole-body vibration was spent in the equipment of whole-body vibration in the seating position.
EEG was measured using an electroencephalograph (Nihon Kohden; Neuropack Four, Japan), and after FFT treatment (1 section 4-s, 100 Hz of sampling frequencies) using the [18] [19] [20] [21] [22] [23] . When the power spectrum of alpha-wave becoming large during closed eyes, if a wakefulness level is high, blocking becomes remarkable during opened eyes and the power spectrum of alpha-wave decreases sharply. On the other hand, if a wakefulness level is low, change of the power spectrum of alpha-wave decreases between the opened and closed eyes. By using this change, AAC is defined as the power spectrum average value of alpha-wave during closed eyes/the power spectrum average value of alpha-wave during opened eyes. When a wakefulness level is high, the value of AAC becomes large. The analysis of AAC performed using the EEG signal gained from O1-A2. The environment of a laboratory is set as the room temperature is 21 ± 1.0 degrees °C, humidity is 50 ± 5%, background noise level is 63.6 dB (A), and illumination 510 lx.
Statistics
Statistical analysis used SPSS v11.5J (SPSS Japan Inc.). Subjective wakefulness level (VASS, KSS) was performed by Wilcoxon Signed Rank Test in order to compare beforeand-after exposure to whole-body vibration, and with or without exposure to whole-body vibration. Objective wakefulness level (AAT) was performed by repeated measured ANOVA in order to compare before, during and after exposure to whole-body vibration. The significance level was made into less than 5%.
Ethical consideration
The objective, the method, and the contents of the investigations were explained to subjects by oral and document. It was also explained that right to refuse and consent is free will. There was not a long-term healthy influence at all participants in this study, because exposure to whole-body vibration was set as the level which did not affect the healthy problems by the exposure limit of ISO 2631-1. The consent to investigation was obtained in written form. This study was approved by the Ethics Committee on Medicine in the Kurume University (study number 2507).
Results
Subjective wakefulness level
1) VASS Figure 2 shows the change of wakefulness level in VASS with or without exposure to whole-body vibration. In the case without exposure to whole-body vibration, VASS value (mean ± SD) was increasing with 32.9 ± 17.2 to 50.3 ± 25.3. Moreover, in the case with exposure to whole-body vibration, VASS value was also increasing to 53.8 ± 27.9 from 39.8 ± 26.5. As the increase in VASS value show the fall of wakefulness level, it was recognized the fall of subjective wakefulness level not depending on the conditions of exposure to whole-body vibration. The statistical significant difference by the conditions with or without exposure to whole-body vibration was observed. Figure 3 indicates the change of subjective wakefulness level as the index of KSS with or without exposure to wholebody vibration. In the case without exposure to whole-body vibration, the KSS value (mean ± SD) was increasing from 3.0 ± 1.2 to 4.0 ± 1.5 with a significant difference (p<0.01). Also in the case with whole-body vibration exposure, although KSS value was increasing from 3.8 ± 0.8 to 4.2 ± 1.2, the statistical significant difference was not recognized.
2) KSS
Objective wakefulness level
1) AAT The change of AAC which is objective wakefulness level index before, during, and after whole-body vibration exposure is shown in Fig.4 . The AAC value (mean ± SD) acquired by AAT was falling before and after the exposure (p<0.05) such as; without whole-body vibration exposure, AAC value was 3.7 ± 2.2 before exposure, 3.9 ± 2.4 during exposure, 2.1 ± 1.0 after exposure. Also, with whole-body vibration exposure, AAC value was 3.3 ± 1.4 before exposure, 2.2 ± 1.4 during exposure, 2.9 ± 2.1 after exposure. There was a significant difference (p<0.01) during vibration exposure comparing to AAC value without exposure to whole-body vibration. AAC value means that a wakefulness level is lower when the value close to 0, since the significant difference was recognized in the AAC value with or without exposure to whole-body vibration, it was suggested that with exposure to whole-body vibration fall a wakefulness level more than without exposure to whole-body vibration.
Discussion
Regardless with or without exposure to whole-body vibration, both VASS and KSS increased and the lowering of subjective wakefulness level was showed compare with before and after exposure to whole-body vibration. We presumed as a hypothesis of this study that a wakefulness level would be lower with exposure to whole-body vibration rather than without exposure to whole-body. However, the result was that the subjective wakefulness level became lower without exposure to whole-body vibration. It was suggested that the restricted stimulus from the outside and simple action of gazing at the front point further would cause lowering wakefulness level. A wakefulness level lowering was recognized with the time progress in the relation between simple work and a wakefulness level 13) . However, the measurement of the subjective wakefulness level during exposure to whole-body vibration was not conducted in this study due to limit of experimental design, actual level of wakefulness during vibration exposure was not clear. AAC as objective wakefulness level also decreased regardless with or without exposure to whole-body vibration. However, a wakefulness level without vibration exposure was almost constant in AAC index, a largely decrease in AAC during vibration exposure was observed. These findings suggested that short-term exposure to whole-body vibration can cause the fall of wakefulness level. Exposure to whole-body vibration produced the tendency of shortness for Sleep Latency and facilitated state of a parasympathetic nerve prominent 24) . Exposure to whole-body vibration may be effective for falling sleep. By giving a relaxed stimulus, sufficient rest is taken, and it supposes that it led to awakening degree rising after that 22) . It will be the same way in this case, in other words exposure to whole-body vibration serves as a relaxed stimulus, and the rest will be taken because a wakefulness level fell during vibration exposure. It would lead to the rise of subsequent wakefulness level. Furthermore, most of the subjects had not unpleasant subjective evaluation during exposure to whole-body vibration. There will be the comfortable nature related with whole-body vibration.
The good correlation of AAT and MSLT (Multiple Sleep Latency Test) based on an objective physiological index was reported 16, 17) . The AAT method is excellent, because it differs from the conventional MSLT which is needed various experiment conditions and the point that objective wakefulness level can be presumed in a short time and by easy technique. Moreover it is suggested that AAT is based on the physiological phenomenon in which if sleepiness increases alpha wave decrease in closed eyes condition and increases in opened eyes condition, and also AAT have high sensitivity to the degree of awakening [18] [19] [20] [21] . Therefore, AAT method would be suitable as an index which measures an wakefulness level by whole-body vibration exposure in a short-period, because it can measure in a short time and there is little pain to a subjections. In this study, alpha wave frequency band used as the standard of AAT refer to Michimori 16) that is 8 to 11.8 Hz, however, generally alpha wave frequency band is set to 8 to 13 Hz. alpha wave frequency is divided into some range components, and these correspond with brains activity in details 25) . We must take into consideration more analysis in detail for every frequency band of alpha wave. It can be clear about a relation with subjective wakefulness level. A further study of the frequency band which reflected more wakefulness level was needed.
Sleepiness and EEG are considered that the rhythm of sleep or awakening may affect. In this experiment, in order to make those influences into the minimum; beginning time of the experiment was fixed, and before a couple of days of the experiment the subjects had guidance for life adjustment, such as sleeping hours etc. Therefore, about the sleeping hours of experiment day, and breakfast time, the difference was not observed arising from the conditions with or without exposure to whole-body vibration, however, it should always take into consideration affecting of sleep and awakening rhythm of the subject before the experiment, and it is the subject of a future study plan.
The conditions of exposure to whole-body vibration adopted this time referred for the measured value of the various vehicles obtained from a filed study 2) . We applied vibration exposure of single axis and frequency in our study. However, actual working operation environment is compounded of whole-body vibration and was exposed by a complex whole-body vibration. Therefore, whole-body vibration used in this study did not reflect actual working environment correctly. The affection of a cradle vibration stimulus to a baby that it keep calm promptly to a newborn baby cries and it be caused to baby awakening under sleep 26) . The effects of vibration mainly depend on its frequency and amplitude. We must consider that influence of different vibration frequency and amplitude are fully discussed. Furthermore, in order to transfer of vibrations is fixed this time and remove the cause of playing a role of an vibrations attenuation machine (suspension), the cushion etc. is not used on the operation seat so that direct whole-body vibration may get across to a subject. Therefore, we suppose that it will be the low conformability compared with the usual operation seat since direct vibration gets across to the whole-body. There is a limitation for performing actual driver's work environment of transportation vehicles in a laboratory. We must consider that the conditions of exposure to whole-body vibration which is more similar to a driver's labor environment. However, this study which exposure to whole-body vibration and a wakefulness level is seized objectively did not exist until now. It is shown that this wakefulness level change by exposure to wholebody vibration have the meaning which pays its attention to an vibration environmental improvement when considering the accident might cause a fall of a driver's wakefulness level.
